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phenylene-etnynylene) having a repeated unit represented by the following structural formula (1 A) : 



CO 
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Q. 
LU 



R" 



(1 A) 



wherein the phenylene group may be in the o-, m- or p-form ( R represents a halogen atom or an alkyl 
group, alkoxy group, phenoxy group, alkenyl group, aJkynyl group, aromatic group, disubstituted amino 
group or silanyl group ; n is an integer ranging from 0 to 4 ; and R' represents a hydrogen atom, an alkyl 
group, alkenyl group, alkynyl group or aromatic group, a product obtained by the method and a 
hardened product obtained by heat-treating, at a temperature ranging from 50 to 700°C the 
pdy(silyleneethynyiene phenyleneethynylene). ' 
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The present invention relates to a novel silicon-containing polymer which is useful as a heat-resistant poly- 
mer, a burning-resistant polymer, a conductive polymer and a material for luminescent elements, non-linear 
elements as well as a method for preparing the silicon-containing polymer and a hardened product of the poly- 
mer. 

Recently, there have intensively and widely been conducted studies of heat-resistant polymers such as 
carbon-based polymers represented by polyimides; and silicon-based polymers such as silicone and polycar- 
bosilane. The silicon-based polymers can molecularly been designed easily since they include bonds of high 
bonding energy such as Si-O and Si-C or those having high reactivity such as Si-CI and Si-H. Nevertheless, 
there have only a few studies of heat-resistant silicon-containing polymers except for silicone. As examples 
of polycarbosi lanes, silicon-containing polymers having structures represented by the following structural for- 
mula (6): 



(wherein R M represents a methyl or phenyl group; Ar represents a divalent aromatic group) have been synthe- 
sized in the presence of a catalyst such as a Pd catalyst. However, there have been limitations in the means 
available for the synthesis of these silicon-containing polymers having such structures and starting materials 
required for the polymerization thereof and therefore, only a few compounds have conventionally been syn- 
thesized (see, for instance, Robert J.P. Corriu etal.. Journal of Polymer Science: Part C: Polymer Letters, 1990, 
28, pp. 431-437). The inventors of this invention have taken note of such polymers which carry, in the main 
chain, ethynylene groups, aromatic groups and silylene groups and expected that these polymers exhibit high 
heat resistance and high resistance to burning. Since it would be assumed that physical properties of polymers 
largely differ from one another depending on the kinds of substituents thereof, the inventors have conducted 
various studies to develop further improved novel compounds. The inventors have made effort to develop, in 
particular, compounds having structures represented by the foregoing structural formula (6) in which either or 
both of the substituents R" on the silicon atom are hydrogen atoms since they can converted into other com- 
pounds exhibiting specific physical properties through, for instance, the crosslinking reaction of Si-H groups 
with ethynylene groups. However, it is difficult to synthesize these compounds according to the method dis- 
closed in the aforementioned article of R.J.P. Corriu et al. because of the specific reactivity of the Si-H bond. 

As examples of compounds having Si-H bonds include those synthesized by J.F. Harrod et al. in Canada, 
which are represented by the structural formula (6) wherein the substituents R" on the silicon atom represent 
a phenyl group and a hydrogen atom and the aromatic group Ar represents an m-phenylene group and which 
are prepared by subjecting phenylsilane and m-diethynylbenzene to dehydrogenation polycondensation in the 
presence of copper chloride and an amine compound as catalytic compounds (Hua Qin Liu and John F. Harrod, 
The Canadian Journal of Chemistry, Vol. 68, pp. 1100-1105). However, the compound was found to have struc- 
tural defects in the main chain of the polymer in a high density, due to side reactions of ethynylene portions 
such as branching and/or crosslinking. These structural defects adversely affect various properties of the poly- 
mer such as the heat resistance, resistance to burning, solubility in a solvent and conductivity thereof. For this 
reason, the inventors of this invention have conducted studies to develop a novel method for the preparation 
of such a polymer. 

The inventors of this invention have conducted various studies to develop a method for synthesizing a com- 
pound free of the foregoing structural defects and have already developed a method for preparing a polymer 
substantially free of the foregoing structural defects, which has a structure represented by the structural for- 
mula (6) wherein the substituents R" on the silicon atom represent a phenyl group and a hydrogen atom and 
the aromatic group Ar represents an m-phenylene group, the method comprising subjecting phenylsilane and 
m-diethynylbenzene to dehydrogenation polycondensation in the presence of a solid basic catalyst such as 
magnesia (Japanese Un-examined Patent Publication (hereunder referred to as J.P. KOKAI") No. Hei 5- 
345825). In this method, however, the preparation of a polymer wherein two R" are both hydrogen atoms or 
one of them represents a hydrogen atom and the other represents a methyl group requires the use of gaseous 
monomers and this makes the preparation operations complicated. 

An object of the present invention is to provide a novel silicon-containing polymer having a structure which 
in some embodiments can ensure heat resistance and resistance to burning substantially higher than those 




(6) 
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of the conventional polymers and a method for preparing the same. 

Another object of the present invention is to provide a light material (a hardened product) produced from 
the silicon-containing polymer and which in some embodiments is excellent in heat resistance and resistance 
to burning. 

The novel silicon-containing polymer according to the present invention is a poly(silyleneethynylene phe- 
nyleneethynylene) having a repeated structural unit represented by the following structural formula (1A): 



in the general formula (1 A), the phenylene group may be In the o-. m- or p-form, the substituent R of the phe- 
nylene group represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 
1 to 20 carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyi group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a dis- 
ubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, provided 
that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or completely be replaced 
with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or silanyl groups; and n is 
an integer ranging from 0 to 4; the substituent R' of the silylene group represents a hydrogen atom, an alkyl 
group having 1 to 20 carbon atoms, an alkenyi group having 2 to 20 carbon atoms, an alkynyl group having 2 
to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms when the phenylene group is in the o- 
or p-form, or the substituent R' is a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an alkenyi 
group having 2 to 20 carbon atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic group having 
7 to 20 carbon atoms when the phenylene group is in the m-form and n is 0, or the substituent R' is a hydrogen 
atom, an alkyl group having 1 to 20 carbon atoms, an alkenyi group having 2 to 20 carbon atoms, an alkynyl 
group having 2 to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms when the phenylene 
group is in the m-form and n is an integer ranging from 1 to 4, provided that the hydrogen atoms linked to the 
carbon atoms of the substituent R' may partially or completely be replaced with halogen atoms, alkoxy groups, 
phenoxy groups, disubstituted amino groups or silanyl groups. 

The novel method according to the present invention comprises reacting an organic magnesium reagent 
represented by the following structural formula (3): 



(wherein the phenylene group may be in the o-, m- or p-form, the substituent R of the phenylene group rep- 
resents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon 
atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyi group having 2 to 20 carbon atoms, an alkynyl 
group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a disubstituted amino 
group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, provided that the hydrogen 
atoms linked to the carbon atoms of the substituent R may partially or completely be replaced with halogen 
atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or silanyl groups; n is an integer ranging 
from 0 to 4; and X represents an atom selected from CI, Br and I) with dichlorosi lanes represented by the fol- 
lowing structural formula (4): 




(1 A) 




R 



(3) 



FT 

Cl-ShCI 
H 



(4) 
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(wherein the substituent R' represents a hydrogen atom, an aikyl group having 1 to 20 carbon atoms, an alkenyl 
group having 2 to 20 carbon atoms, an alkynyi group having 2 to 20 carbon atoms or an aromatic group having 
6 to 20 carbon atoms, provided that the hydrogen atoms linked to the carbon atoms of the substituent R* may 
partially or completely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino 
groups or silany! groups) in the presence of a solvent free of any active hydrogen atom to give a 
poly(silyleneethynylene phenyleneethynylene) having a repeated structural unit represented by the following 
structural formula (1B): 




(1 B) 



(in the general formula (1 B), the phenylene group may be in the o-, nv or p-fbrm, the substituent R of the phe- 
nylene group represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 
1 to 20 carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyi group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a dis- 
ubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, provided 
that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or completely be replaced 
with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or silanyl groups; and n is 
an integer ranging from 0 to 4; the substituent R* of the silylene group represents a hydrogen atom, an alkyl 
group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon atoms, an alkynyi group having 2 
to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms, provided that the hydrogen atoms linked 
to the carbon atoms of the substituent R' may partially or completely be replaced with halogen atoms, alkoxy 
groups, phenoxy groups, disubstituted amino groups or silanyl groups). 

Moreover, the present invention also relates to a method for preparing a poly(silyleneethynylene phenyl- 
eneethynylene) represented by the foregoing structural formula (1B) which comprises reacting, as described 
above, an organic magnesium reagent represented by the foregoing structural formula (3) with dichlorosilanes 
represented by the foregoing structural formula (4) in the presence of a solvent free of any active hydrogen 
atom; then treating the reaction product thus obtained with a monochlorosilane represented by the following 
structural formula (5): 



R 1 
I 

R 2 -SI-CI 
l 

R 3 



(5) 



(wherein Ri to R* may be identical to or different from one another and each represents a hydrogen atom, an 
alkyl group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon atoms, an alkynyi group having 
2 to 20 carbon atoms, a phenyl group having 6 to 20 carbon atoms or a silanyl group having 1 to 10 silicon 
atoms) and finally hydrolyzing the termini of the resulting polymer. 
In the accompanying drawings: 

Fig. 1 is a chart showing infrared spectra of the polymer prepared in Example 1. 
Fig. 2 is a chart showing infrared spectra of the polymer prepared in Example 2. 
Fig. 3 is a chart showing 2»Si-NMR spectra of the polymer prepared in Example 2. 
Fig. 4 is a chart showing infrared spectra of the polymer prepared in Example 3. 
Fig. 5 is a chart showing 2»Si-NMR spectra of the polymer prepared in Example 3. 
Fig. 6 is a chart showing infrared spectra of the polymer prepared in Example 4. 
Fig. 7 is a chart showing infrared spectra of the polymer prepared in Example 5. 
Fig. 8 is a chart showing 29Si-NMR spectra of the polymer prepared in Example 5. 
Fig. 9 is a chart showing infrared spectra of the polymer prepared in Example 6. 
Fig. 10 is a chart showing »Si-NMR spectra of the polymer prepared in Example 6. 
Fig. 11 is a chart showing »Si-NMR spectra of the polymer prepared in Example 10. 
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Fig. 12 is a chart showing infrared spectra of the hardened product prepared in Example 11. 

The preparation method of the present invention is at least partly characterized by alternately condensing 
dichlorosi lanes through the reaction thereof in the presence of an organic magnesium reagent as a Grignard 
reagent as will be seen from the following reaction scheme (7): 



The organic magnesium reagent used in the method of the present invention is a compound which is rep- 
resented by the following structural formula (3): 



and which is one of the so-called Grignard reagents. The relative position of two ethynylene groups linked to 
the benzene ring may be in the o-, m- or p-relation. Moreover, the remaining 4 hydrogen atoms on the benzene 
ring may partially or completely be replaced with substituents R which never take part in the reaction with the 
Grignard reagent (in other words, n may range from 0 to 4) and examples of such substituents are halogen 
atoms such as R CI, Br and I; alkyl groups having 1 to 20 carbon atoms such as methyl, ethyl, propyl, butyl 
and cyclohexyl groups; alkoxy groups having 1 to 20 carbon atoms such as methoxy. ethoxy and propoxy 
groups; phenoxy groups having 6 to 20 carbon atoms such as phenoxy (-OCeHs) and 3,5-dimethylphenoxy 
(-OC 6 H 3 (Me)2) groups; alkenyl groups having 2 to 20 carbon atoms such as vinyl, allyl and cyclohexenyl groups; 
alkynyl groups having 2 to 20 carbon atoms such as ethynyl, propargyl and phenylethynyl groups; aromatic 
groups having 6 to 20 carbon atoms such as phenyl, toluyl and mesityl groups; disubstituted amino groups 
having 2 to 20 carbon atoms such as dimethylamino, diethylamino, ethyl methylami no and methylphenylamino 
groups; and silanyl groups having 1 to 10 silicon atoms such as silyl (-SiH 3 ), disilanyl (-Si 2 H 6 ), dimethylsilyl 
(-SiMe 2 H), trimethylsilyl (-SiMe 3 ) and tetramethyldisilanyl (-SfcMe^) groups. Moreover, the hydrogen atoms 
linked to the carbon atoms of the substituent R may partially or completely be replaced with substituents which 
never take part in the reaction with the Grignard reagent, for instance, halogen atoms such as F, CI, Br and I; 
alkoxy groups such as methoxy, ethoxy and propoxy groups; phenoxy groups such as phenoxy and 3,5-dime^ 
thylphenoxy groups; disubstituted amino groups such as dimethylamino, diethylamino, ethylmethylamino and 
methylphenylamino groups; and silanyl groups such as silyl, disilanyl, dimethylsilyl, trimethylsilyl and tetra- 
methyldisilanyl groups. In the foregoing structural formula (3), X is CI, Br or I. This is because, it is very difficult 
to prepare the Grignard reagents in which X is F and thus they are not favorable from the industrial standpoint. 

Specific examples of the organic magnesium reagents used in the present invention are organic magne- 
sium reagents having o-phenylene groups such as those represented by the following structural formulae (8) 






CIMg-s 




(8) 



5 
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(9) 



( 1 0) 



organic magnesium reagents having m-phenylene groups such as represented by the following structural for- 
mulae (11) to (13): 




(11) 



(12) 



organic magnesium reagents having p-phenylene groups such as represented by the following structural for- 
mulae (14) to (16): 




(1 4) 



( 1 5) 



( 1 6) 



Moreover, specific examples of the organic magnesium reagents in which the phenylene group has sub- 
stituents are those represented by the following structural formulae (17) to (20): 



6 
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BrM g — ■, ^_^ MgBr 
Me 



(1 7) 



10 
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Me. 



BrMg-=-Hf> 



MgBr (18) 



Me 



20 



25 



BrM 



MeQ 

ss-MgBr 
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(19) 
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55 



MeQ Br 
CIMg-s-<Q-^WigCI 

Br^OMe (20) 

The dichlorosi lanes used in the present invention are those represented by the following structural formula 

(4): 



R' 

Cl-Si-CI ... 
H U) 

wherein R* is a substituent which does not take part in the reaction with the Grignard reagent and specific ex- 
amples thereof include a hydrogen atom; alkyi groups having 1 to 20 carbon atoms such as methyl, ethyl propyl 
butyl and cyclohexyi groups; alkenyl groups having 2 to 20 carbon atoms such as vinyl, allyl and cyclohexenyl 
groups; alkynyl groups having 2 to 20 carbon atoms such as ethynyl, propargyl and phenylethynyl groups; and 
aromatic groups having 6 to 20 carbon atoms such as phenyl, toluyl and mesityl groups. If the substituent R' is 
a group other than hydrogen atom, the substituent R* has hydrogen atoms linked to the carbon atom(s). The 
hydrogen atoms linked to the carbon atom(s) may partially or completely be replaced with substituents which 
never take part in the reaction with the Grignard reagent, for instance, halogen atoms such as F, CI, Br and I 
alkoxy groups such as methoxy, ethoxy and propoxy groups; phenoxy groups such as phenoxy and 3,5-dime^ 
thylphenoxy groups; disubstituted amino groups such as dimethylamino, diethylamino, ethylmethylamino and 
methylphenylamino groups; and silanyl groups such as silyl, disilanyl, dimethyfsilyl. trimethylsilyi and tetra- 
methyldisilanyl groups. 

The dichlorosi lanes may be replaced with corresponding difluorosilanes, dibromosilanes and/or diiodosi- 
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lanes, but the use of dichlorosilanes is preferred from the economical standpoint. 

The dichlorosilanes which may be used in the present invention will hereunder be explained while giving 
examples thereof. 

The dichlorosilane whose substituents R' are hydrogen atoms is dichlorosilane (SiCfehy. 

Examples of dichlorosilanes whose substituent(s) R* is an alkyl groups include dichloromethylsilane (Me- 
Sia 2 H), dichloroethylsilane (EtSiCI 2 H), dichlorocyclopentylsilane (c-C 6 H9SiCI 2 H), dichlorocyclohexylsilane (c- 
CeHnSiaaH), dichlorododecylsilane (n-C 12 H 2 5SiCI 2 H) t dichloro(chloromethyl) silane (CaH 2 Sia 2 H), di- 
chloro(dichloromethyt)silane (CCJ 2 HSiCI 2 H). dichloro(trichloromethyi)silane (CCI 3 SiCI 2 H), dichloro(trifluoro- 
methyl)silane (CF 3 Sia 2 H), dichloro(2-trifluoromethy1ethyl)silane (CF 3 (CH2) 2 SiCI 2 H) f dichloromethoxymethyl- 
silane (CH 3 OCH 2 SiCI 2 H), dichloro(3-methoxypropyl)silane (CH 3 0(CH2) 3 SiCI 2 H) and dichloro(3-(N,N-diethyla- 
mino)propyl)silane (Et 2 N(CH2) 3 SiCI 2 H). 

Examples of dichlorosilanes whose substituent(s) R' is an alkenyl group include dichlorovinylsilane 
(CH 2 =CHSiCI 2 H), allyldichlorosilane (CH 2 =CHCH2SiCI 2 H) and dichloro(2-(3-cydohexeny1)ethyl)silane repre- 
sented by the following structural formula (21): 

I A-/ (2 1 ) 

Cl-Si-CI 
I 

H 

Examples of dichlorosilanes whose substituent(s) R' is an alkynyl group include dichloroethynylsilane (CH 
s CSiQ 2 H) . dichloropropargyl-silane (CH= CCH 2 SiCI 2 H) and dichloro(phenylethyl)silane (PhCH = CSiCI 2 H). 

Examples of dichlorosilanes whose substituent(s) R' is an aromatic group include dichlorophenylsilane 
(PhSiCI 2 H). dichloro-p-toluylsilane represented by the following structural formula (22): 

Me 



0 



Cl-Si-CI (2 2) 

I 

H 



dichloromesitylsilane represented by the following structural formula (23): 

Me 

Me-OLftfle 



CI-SI-CI (23) 
H 

dichlorobenzylsilane (PhCH 2 SiCI 2 H), dichloro(2-phenylethyl) silane (Ph^HJzSiClzH), dichloro{3-phenylpro- 
pyt)silane (PfKCHJaSiCfeH), dichloro(m-bromo)phenylsilane represented by the following structural formula 
(24): 



8 
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<? 



Br 



Cl-Si-CI (2 4) 

H 



dichloro(p-chloromethyi)phenyisilane represented by the following structural formula (25): 

CH 2 CI . 



(2 5) 

Cl-Si-CI 
I 

H 

and dichloro(3-(4-methoxyphenyl)propyl)silane represented by the following structural formula (26). 



CH 2 CH 2 CH 2 ~^. 0 IVJe (26) 



Cl-Si-CI 
H 

The monochlorosilanes used in the present invention in the post-treatment are those represented by the 
following structural formula (5): y 

R 1 

R 2 -Si-CI , _ . 

I ( 5 ) 

R 3 

wherein Ri to F*> may be identical to or different from one another and each represents a hydrogen atom an 
alkyl group hav.ng 1 to 20 carbon atoms such as a methyl, ethyl, propyl, butyl or cyclohexyl group, an alkenyl 
group having 2 to 20 carbon atoms such as a vinyl, allyl or cydohexenyl group, an alkynyl group having 2 to 
20 carbon atoms such as an ethynyl. propargyl or phenylethynyl group, a phenyl group having 6 to 20 carbon 
atoms such as a phenyl, toluyl or mesityl group or a silanyl group having 1 to 10 silicon atoms such as a silyl 
dBHanyl. d.methylsilyl. trimethylsilyl or tetramethyldisilanyl group). Specific examples of the monochlorosi- 
lanes are chlorotrimethylsilane (Me 3 SiCI). chlorodimethylsilane (M^SiCIH). chloromethylsilane (MeSiCIHJ 
chlorotnethylsilane (Et 3 SiCI). chlorodiethylsilane (Et 2 SiCIH). chloroethylsilane (EtSiClhy, chlorocyclohex^ 
silane (c-CeHnSiClhfe), chlorooctylsilane (CaH 17 8ICIHd. chlorodimethylvinylsilane (Me 2 (CH 2 =CH)SiCI) chlor- 

^™ d l methylSilane (M62(HC 3 C) SiCi) ' chlorodimethylpheiiylsilane (Me 2 PhSiCI). chlorophenyisilane 
(PhSiOHJ and chloropentamethyldisilane ((Me 3 Si)Me 2 SiCI). 

In the preparation method of the present invention, each intended silicon-containing polymer can be pre- 
pared by appropriately selecting an organic magnesium reagent and a dichlorosilane depending on the struc- 
ture of the intended polymer and then reacting the selected starting materials. Combinations of organic mag- 
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nesium reagents and dichlorosilanes as well as silicon-containing polymers produced from the combinations 
will be hereunder explained while giving specific examples, but the compounds of the present invention are 
not restricted to the following specific examples at all. For instance, an organic magnesium reagent having an 
o-phenylene group represented by the foregoing structural formula (8), (9) or (10) is reacted with dichlorosilane 
(SiCI 2 H 2 ) to give poly(sily!eneethynytene-1,2-phenyleneethynylene) represented by the following structural 
formula (27): 



An organic magnesium reagent having an m-phenylene group represented by the foregoing structural for- 
mula (14), (15) or (16) is reacted with dichlorosilane (SiCfeHj) to give poly(silyleneethynylene-1,3- 
phenyleneethynylene) represented by the following structural formula (2): 

i-Xr- b '■■ 

An organic magnesium reagent having an p-phenylene group represented by the foregoing structural for- 
mula (11), (12) or (13) is reacted with dichlorosilane (SiCI 2 H 2 ) to give poly(silyleneethynylene-1,4- 
phenyleneethynylene) represented by the following structural formula (28): 



H ' 



H 

(2 8) 



An organic magnesium reagent having an ophenylene group represented by the foregoing structural for- 
mula (8), (9) or (10) is reacted with dichloromethylsilane (MeSiCI 2 H) to give poly(methylsilyleneethynylene-1 .2- 
phenyleneethynylene) represented by the following structural formula (29): 



Me 

(29) 



An organic magnesium reagent having an m-phenylene group represented by the foregoing structural for- 
mula (11), (12) or (13) is reacted with dichloromethylsilane (MeSiCI 2 H) to give poly(methylsilyleneethynylene- 
1 , 3-phenyleneethynylene) represented by the following structural formula (30): 





(3 0) 



10 
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An organic magnesium reagent having an p-phenylene group represented by the foregoing structural for- 
mula (14), (15) or (16) is reacted with dichloromethytsilane (MeSiCI 2 H) to give poly(methylsily1eneethynylene- 
1,4-phenyleneethynylene) represented by the following structural formula (31): 



X H 7 



(3 1 ) 



An organic magnesium reagent having an o-phenylene group represented by the foregoing structural for- 
mula (8), (9) or (10) is reacted with dichlorophenylsilane (PhSiC^H) to give poly(phenylsilyleneethynytene-1,2- 
phenyleneethynylene) represented by the following structural formula (32): 

Ph 

(32) 



An organic magnesium reagent having an m-phenylene group represented by the foregoing structural for- 
mula (11) f (12) or (13) is reacted with dichlorophenylsilane (PhSiC^H) to give poly(phenylsilyleneethynylene- 
1 ,3-phenyleneethynyiene) represented by the following structural formula (33): 



p 



(3 3) 



An organic magnesium reagent having an p-phenylene group represented by the foregoing structural for- 
mula (14), (15) or (16) is reacted with dichlorophenylsilane (PhSiCI 2 H) to give poly(phenylsilyleneethynylene- 
1 ,4-phenyleneethynylene) represented by the following structural formula (34): 




(3 4) 



Silicon atom-containing polymers other than those listed above can likewise be prepared from correspond- 
ing combination of organic magnesium reagents with dichlorosilanes. Some of them will be listed below by 
way of example. Examples of compounds in which each substituent R' on the silylene group is an alkyl group 
are poly(cyclohexylsilyleneethynylene-1,3-phenyleneethynylene) represented by the following structural for- 
mula (35): 



11 
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and poly(dodecy1sily1eneethynylene-1,4-phenyleneethyny1ene) represented by the following structural formu- 
la (36): 

(CH^if CH3 

f^-O^-? 1 } (3 6) 

Examples of compounds in which each substituent R' on the silylene group is an alkenyl group are 
poly(vinylsilylenee thynylene-1,3-phenyleneethynytene) represented by the following structural formula (37): 

CH=CH 2 

and poly(ally1silyleneethyny1ene-1,4-phenyleneethyny1ene) represented by the following structural formula 

(38) : 

CH 2 CH=CH 2 

•f &H 0^^"? i -)" (38) 

X H ' 

Examples of compounds in which each substituent R' on the silylene group is an alkynyl group are 
poly(ethynylsilyleneethynylene-1,3-phenyleneethynylene) represented by the following structural formula 

(39) : 

C=CH 

(3 9) 

H ' 

and poly(phenylethynylsilyleneethynylene-1,4-phenyleneethynylene) represented by the following structural 
formula (40): 



KHf 
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■r^v>— ?7 (4 0) 

Examples of compounds in which each substituent R' on the silylene group is an aromatic group are poly(p- 
toluylsily1eneethynylene-1,3-phenyleneethyny1ene) represented by the following structural formula (41): 




(4 1 ) 



and poly(phenethylsilyieneethynylene-1,4-phenyleneethynylene) represented by the following structural for- 
mula (42): 



CHgCH 



U ^ (4 2) 
X H ' 

In addition, examples of compounds in which the hydrogen atoms on the phenylene group are replaced 
with substituents R are poly (methylsilyleneethynylene- 1,4- (2 ,5-di methyl phenylene) ethynylene) represented 
by the following structural formula (43): 



Me v_ Me 

^— Q— W- (4 3) 

Me H 



poly(phenylsilyleneethynylene-1,4-(2,5-dimethoxyphenylene) ethynylene) represented by the following struc- 
tural formula (44): 



MeO I 




(4 4) 

OMe 

poly(silyleneethynylene-1 t 4-(2,5-dimethoxy-3,6-dibromophenylene)ethynylene) represented by the following 
structural formula (45): 
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MeO v Br h 



(4 5) 



Br OMe 



and poly(pheny1sily1eneethynylene-1,3-(5-methylpheny1ene) ethynylene) represented by the following struc- 
tural formula (46): 



Moreover, the hydrogen atoms on the silylene group R' may be replaced with, for instance, halogen atoms, 
alkoxy groups, phenoxy groups, disubstituted amino groups and/or silanyl groups and examples thereof in- 
clude poly(3,3,3-trifluoropropylsilyleneethynylene-1,2-phenyleneethynylene) represented by the following 
structural formula (47): 



An embodiment of the method for preparing poly (silyleneethynylene phenyleneethynylene) polymers ac- 
cording to the present invention will hereunder be explained in more detail. 

A reactor used herein comprises, for instance, containers for storing raw materials; a reaction vessel; 
means for feeding the raw materials to the reaction vessel while controlling the flow rates of the raw materials; 
a means for feeding a solvent to the reaction vessel; a device for controlling the internal pressure of the reaction 
vessel to a predetermined level; a device for cooling the solvent evaporated from the reaction vessel and for 
recycling the condensed solvent back to the reaction vessel; a stirring machine for stirring the contents of the 
reaction vessel; and a device for determining and controlling the temperature in the reaction vessel. 

In carrying out the method of the invention, the reaction vessel is first filled with a dry solvent and either 
an organic magnesium reagent or dichlorosilanes as the first raw material and the other second raw material 
is introduced into the reaction vessel while adjusting the temperature of the contents of the reaction vessel to 
a desired reaction temperature with sufficient stirring and controlling the flow rate of the second raw material 
so as not to cause an excessive increase in the reaction temperature. Alternatively, the reaction vessel is filled 
with a dry solvent and then an organic magnesium reagent and dichlorosilanes as raw materials are simulta- 
neously introduced into the reaction vessel while adjusting the temperature of the contents of the reaction ves- 
sel to a desired reaction temperature with sufficient stirring and controlling the flow rates of the raw materials 
so as not to cause an excessive increase in the reaction temperature. If a raw material used is dichlorosilane 
(SiCI 2 H 2 ) which is in a gaseous state at ordinary temperature and pressure, it is introduced into the reaction 
vessel preferably, but not essential, by setting up an opening of a tube for introducing a gas into the reaction 
vessel below the level of a solvent so that the introduced dichlorosilane sufficiently comes into contact with 
the solvent. After completing the mixing of these raw materials, the contents In the reaction vessel are further 
continuously stirred while controlling the temperature thereof to a predetermined post-reaction temperature. 
After a predetermined reaction time, the reaction solution is subjected to a desired post-treatment, then the 




(4 6) 



Me 




CH2CH2CF3 



(4 7) 
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reaction product is removed from, for instance, by-products and the solvent used and finally purified. 

The organic magnesium reagents used as starting materials have widely been known as the Grignard re- 
agents of acetylene compounds. The method for preparing these reagents is not restricted to specific ones 
and those used in the usual Grignard reactions may be used. 

5 The mixing ratio of the organic magnesium reagent to the dichlorosi lanes used as the raw materials is de- 

sirably such that the amount of the dichlorosilanes ranges from 0.5 to 2 moles and preferably 0.7 to 1.3 mole 
per mole of the organic magnesium reagent 

The solvent used in the reaction may be those commonly used in the Grignard reaction and free of active 
hydrogen atom capable of reacting with the Grignard reagents, for instance, ether solvents such as tetrahy- 

10 drofuran (hereunder referred to as THF"), diethyl ether, dioxane, tetrahydropyran, isopropyl ether and n-butyl 
ether, saturated hydrocarbon solvents such as n-pentane, n-hexane, cyclohexane and n-heptane, and aromat- 
ic hydrocarbon solvents such as benzene, toluene, xylene and mesitytene. Among these, ether solvents are 
preferred. This is because they can make the reaction operations easy and ensure high activity of the reaction. 
In this respect, the moisture present in the solvent inhibits the reaction and therefore, it is preferred to use a 

15 solvent which is dehydrated in advance and distilled. The method for dehydration is not restricted to specific 
ones and the solvent can be dehydrated and dried by the methods commonly used, for instance, the use of a 
dehydrating agent such as a metal hydride. 

The amount of the solvent desirably ranges from 5 to 500 ml and preferably 5 to 100 ml per one gram of 
the dichlorosilanes used. 

20 The reaction temperature desirably ranges from -80 to 1 20 °C and preferably -30 to 40 °C when introducing 

raw materials into a reaction vessel. It desirably ranges from -80 to 120 °C and preferably 0 to 80 °C during 
the post-reaction. 

The reaction may be performed at a reduced pressure or ordinary pressure or under pressure, with the 
use of ordinary pressure being preferred. 

25 The reaction time varies depending on the amounts of charged raw materials and a solvent and the post- 

reaction temperature, but desirably ranges from 0.5 to 100 hours. 

The post-treatment used herein will be detailed below. The post-treatment may be identical to that used 
for the treatment of the product formed through the usual Grignard reaction. Some examples are listed below. 
The reaction solution obtained after the post-reaction comprises a small amount of unreacted dichlorosilanes. 

30 In addition, highly hydrolyzable chlorine atoms still remain on the termini of the resulting polymer molecules. 
In this respect, there has generally been known a method which comprises adding a small amount of an alcohol 
such as methanol or an organometal reagent such as methyl lithium to a reaction solution as capping agents 
prior to a hydrolyzation treatment, reacting them at a temperature ranging from -30°C to room temperature 
for several minutes to several hours and then carrying out the usual hydrolyzation treatment performed after 

35 the Grignard reaction using an ammonium chloride aqueous solution or a hydrochloric acid aqueous solution 
(see, for instance, J.L. Brefort et al., Organometallics, 1992, 11, p. 2500). Moreover, the inventors of this in- 
vention have found out that the resulting polymer can be stabilized by adding monochlorosi lanes to the reaction 
solution which is not subjected to the foregoing post-treatment and hydrolyzing the mixture with a saturated 
ammonium chloride aqueous solution or an acidic aqueous solution. The amount of the monochlorosi lane to 

40 be added desirably ranges from about 0.01 to 100 moles and preferably 0.1 to 10 moles per one mole of the 
dichlorosilanes used as raw materials. The acidic aqueous solution is not restricted to specif ic ones, but ef- 
fectively used are about 0.01 to 10 N, preferably about 0.1 to 1 N acidic aqueous solutions of hydrochloric acid, 
sulfuric acid or acetic acid. The amount of the aqueous solution used in the hydrolysis is not limited to a specific 
range, but desirably ranges from about 0.1 to 1 0Of , preferably about 0.2 to 1 0f per liter of the reaction solution. 

45 Alternatively, it is also possible to hydrolyze the reaction solution immediately after the reaction without using 
any capping agent, but in this case, the resulting polymer often contains siloxane. 

The method for separating and purifying the reaction product is not restricted to specific ones and may 
be those used for separating and purifying the product prepared through the usual Grignard reaction (see, for 
instance, the articles listed above). The method for separating and purifying the reaction product will be de- 

50 tailed below while giving an example. The reaction solution obtained after the post-treatment causes phase- 
separation into an organic phase and an aqueous phase and accordingly, the organic phase can easily be sepa- 
rated from the aqueous phase. If the phase separation is insufficient, an organic solvent having a low polarity 
such as benzene or n-hexane to the reaction solution to thus ensure more complete phase separation. The 
organic phase thus separated is subjected to the usual drying treatment, for instance, dehydration with a neu- 

55 tral or weakly acidic dehydrating agent such as sodium sulfate, followed by separation of the dehydrating agent 
through filtration and removal of the solvent by means of, for instance, distillation under reduced pressure to 
give a crude polymer product. The resulting crude polymer can be purified by dispersing in a poor solvent to 
thus precipitate the polymer. 
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The molecular weight of the resulting polymer varies depending on, for instance, the mixing ratio of the 
raw materials used, the amounts and the kinds of the solvents used and the reaction temperature, but the 
weight-average molecular weight in genera) ranges from about 500 to 1,000,000 as determined by gel perme- 
ation chromatography (hereunder referred to as "GPC") using polystyrene as a reference material. 

5 The novel poly(silyleneethynytene phenyl en eethynylenes) according to the present invention have repeat- 

ing units represented by the structural formula (1B), are formed through reactions of organic magnesium re- 
agents represented by the structural formula (3) with dichlorosi lanes represented by the structural formula 
(4) in the presence of solvents free of active hydrogen atom and are free of structural defects formed on the 
main chains through, for instance, branching and/or crosslinking. Specific examples thereof include those rep- 

w resented by structural formulae (2), (27) to (47), the following structural formula (48): 



15 




(4 8) 



CI 

20 

the following structural formula (49): 

OMe 

35 the following structural formula (50): 



40 




(5 0) 



The poly(silyleneethyny1ene phenyleneethynylenes) according to the present invention mainly comprise 
45 the repeating units represented by the foregoing structural formulae and specifically the main chain of each 
polymer is occupied by such repeating units in a rate of not less than 1/2 and preferably 2/3 of the main chain 
and may partially comprise other repeating units. 

Now the hardened product produced from the foregoing polymer of the present invention will be detailed 
below. 

50 The hardened product of the present invention may be produced by heat-treating a poly(sil yleneethynylene 

phenyleneethynylene) comprising repeating units represented by the structural formula (1 B) at a temperature 
ranging from 50 to 700 °C . The weight-average molecular weights of these poly(silyleneethynylene phenyle- 
neethynylenes) are not restricted to a specific range, but preferably range from 500 to 1,000,000. Particularly 
preferred are those obtained by heat-treating the poly(silyleneethynylene phenyleneethynylenes) comprising 

55 the repeating units represented by the structural formula (2) at a temperature ranging from 50 to 700 °C be- 
cause of their high heat resistance. 

These hardened products can specifically be prepared in the following manner. 

The hardened products of the present invention are produced by heat-treating the poly(silyleneethynyiene 
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phenyleneethynylenes) comprising the repeating units represented by the structural formula (1B) in a gas at- 
mosphere comprising air, nitrogen or an inert gas. The poly(sily1eneethynylene phenyleneethynylenes) herein 
used mainly comprise the repeating units represented by the structural formula (1B) in a ratio of not less than 
1/2 of the main chain. It is preferred to simply use the poly(silyleneethynytene phenyleneethynylenes) com- 

5 prising the repeating units represented by the structural formula (1B) from the practical standpoint but may 
be used in combination with other various polymers. 

The poly(silyteneethynylene phenyleneethynylenes) comprising the repeating units represented by the 
structural formula (1B) are not limited to those prepared by a specific method and may be those prepared by 
the method of the present invention, i.e., through the reaction of organic magnesium reagents represented by 

w the structural formula (3) with dichlorosilanes represented by the structural formula (4) according to the reac- 
tion scheme (7) or those prepared through dehydration polycondensation reactions of hydrosi lanes with die- 
thynyt compounds in the presence of basic metal oxides in accordance with the following reaction scheme (51): 




(5 1) 



25 

The basic metal oxides used in the reactions are roughly divided into basic metal oxides each comprising 
a single metal element and mixed oxides thereof. Specific examples of basic metal oxides usable herein include 
alkali metal oxides such as Li 2 O t Na 2 0, K 2 0, Rb^O and Cs 2 0; alkaline earth metal oxides such as BeO, MgO, 
CaO, SrO, BaO and RaO; lanthanoid oxides such as La 2 0 3i Ce0 2 . Pr 2 0 3 , Nd 2 0 3 , Sm 2 0 3 , Eu 2 0 3f Gd 2 0 3 , Tb 2 0 3( 

30 Dy 2 0 3 , H0 2 0 3? Er 2 0 3 , Tn^O^ Yd^ and Lu 2 0 3 ; scandium oxide, yttrium oxide, thorium oxide, titanium oxide, 
zirconium oxide, hafnium oxide, copper oxide, zinc oxide and cadmium oxide. 

Specif ic examples of mixed oxides comprising basic oxides are mixed oxides with silica such as Li 2 0-Si0 2 , 
Na 2 0-Si0 2f K 2 0-Si0 2 , Rt^O-SiO* CSzO-SiO* BeO-Si0 2 , MgO-Si0 2 , CaO-Si0 2 , SrO-Si0 2 , BaO-Si0 2 , RaO-SiO z , 
La 2 0 3 -Si0 2 , Sc^xSiO^ Y 2 QrSi0 2 , Th 2 0-Si0 2 and ZnO-Si0 2 ; mixed oxides with alumina such as L^O-AI^, 

35 Na 2 0-AI 2 03. K 2 0-Al 2 0 3 , Rb20-AI 2 0 3 , Cs20-AI 2 0 3 , BeO-AI 2 0 3 , MgO-AI 2 0 3 , CaOAl 2 0 3 , SrOAl 2 0 3 , BaO-Al 2 0 3 , 
TlCVAIzO* RaO-AI 2 0 3 , La 2 O r AI 2 0 3 , SCaQr AI2Q3. Y 2 0:rAI 2 O 3 , Tr^O-A^O* Zr 2 0-Al 2 0 3 and ZnO-Al 2 0 3 . 

Examples of mixed oxides with magnesia include Li 2 0-MgO, Na 2 0-MgO, K 2 0-MgO, Rb 2 0-MgO, Cs 2 0- 
MgO, BeOMgO, CaO-MgO, SrO-MgO, BaOMgO, RaO-MgO, La 2 O r MgO, SczOyMgQ, Y 2 0 3 -MgO, Th z O- 
MgO, TiO^MgO, Zr 2 0-MgO and ZnO-MgO. Examples of mixed oxides with silica-alumina include Li 2 0-Si0 2 - 

40 Al 2 0 3 , Na 2 0-Si0 2 -Al 2 0 3 . K 2 0-Si02-AI 2 0 3 , Rb20-Si0 2 -AI 2 0 3 , Cs20-Si0 2 -AI 2 0 3 , BeQ-SiO r Al 2 0 3 , MgO-Si0 2 - 
Al 2 0 3t CaO-Si02-AI 2 0 3 , SrO-Si0 2 -AI 2 0 3 , BaO-SiO r AI 2 0 3 , RaO-Si02-AI 2 0 3 , La 2 03-Si0 2 -AI 2 0 3t Sc20 3 -SiO 2 - 
Al 2 0 3 , Y 2 O r Si02-AI 2 0 3 , T^O-SiO^AIzOa, Zr 2 0-Si02-Al 2 0 3 and ZnO-SiCVA^O.,. Examples of mixed oxides 
with silica-magnesia include L^O-SiOz-MgO, Na 2 0-Si02-MgO, K 2 0-Si0 2 -MgO, Rb 2 OSiO r MgO, C^O-SiO^ 
MgO, BeO-SiOrMgO, CaOSiOz-MgO, SrO-SiO^MgO, BaO-SiO^MgO, RaO-SiO^MgO, La 2 0 3 -Si0 2 -MgO, 

45 ScaOg-SiOz-MgO, Y 2 0 3 -Si02-MgO, Th 2 0-Si0 2 -MgO. Zr 2 0-Si02-MgO and ZnO-Si0 2 -MgQ. 

Moreover, examples of mixed oxides with magnesia-alumina include Li 2 0-MgO-AI 2 0 3 , Na 2 0-MgO-AI 2 0 3 , 
K 2 0-MgO-Al 2 0 3 , Rb 2 0-MgO-AI 2 0 3 , CsjO-MgO-AbOg, BeO-MgO-AI 2 0 3 , CaO-MgO-Al 2 0 3i SrO-MgO-AI 2 0 3 , 
BaO-MgO-AI 2 0 3t RaO-MgO-AI 2 0 3 , La 2 0;rMgO-AI 2 0 3 , Sc 2 0 3 -MgO-AI 2 0 3 , Y 2 0 3 -MgO-AI 2 0 3 , Th 2 0-MgO-AI 2 0 3 , 
Zr 2 O-MgO-AI 2 0 3 and ZnOMgO-AI 2 0 3 . 

so These metal oxides are in general subjected to activation-treatment prior to use. For instance, they are 

heat-treated at a temperature ranging from 100 to 800°C for preferably 1 to 5 hours in a gas atmosphere com- 
prising air or nitrogen or an inert gas such as argon or helium or under reduced pressure, prior to practical use. 
The desired metal oxide can also be prepared through thermal-decomposition of, for instance, nitrates, car- 
bonates, oxalates or hydroxides of corresponding metals under the conditions described above. 

55 The hardened product of the present invention can be produced by melting the poly(silyleneethynytene 

phenyleneethynylenes) or dissolving the polymers in a proper solvent, then formed into various shapes (such 
as molded bodies, films and fibers) and heating in an gas atmosphere of air, nitrogen or an inert gas such as 
argon or helium. The heating temperature in general ranges from 50 to 700°C , preferably 100 to 400 °C and 
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more preferably 150 to 350 °C . The heating time is not critical, but in general ranges from one minute to 100 
hours. The heating temperature and time vary depending on the kinds, forms or shapes of silicon-containing 
polymers as well as applications of the resulting hardened products. The hardening reaction can generally be 
performed by simply heating the polymer, but may optionally performed in the coexistance of hardening agents 

5 such as hexamethyleneteramine, diamines and acid anhydrides; and/or radical initiators such as benzoyl per- 
oxide, cumene hydroperoxide, di-t-butyl peroxide, t-butyl peroxybenzoate, hydrogen peroxide, potassium per- 
sulfate, azobisisobutyronitrile and diazoaminoazobenzene. Moreover, the silicon-containing polymers may 
comprise other various polymeric compounds such as polyimides, polyamides, phenol resins, epoxy resins, 
poly(ether ester ketones), polysulfones and poly(oxadiazoles). 

10 The hardened product of the present invention may be used as various highly heat-resistant materials such 

as highly heat-resistant and high strength fiber and the like. 

The present invention will hereunder be explained in more detail with reference to the following non-lim- 
itative working Examples and the effects practically accomplished by the present invention are also discussed 
in detail below. 

15 

Example 1: Preparation of Poly(silyleneethynylene-1,4-phenyleneethynylene) 

First of all, an organic magnesium reagent was prepared as follows. Flaky magnesium metal (1.21 g; 49.8 
mmol) was introduced into a 300 ml volume 4- necked flask and the atmosphere in the flask was replaced with 

20 dry nitrogen gas. THF (20 ml) which had been dried with lithium aluminum hydride and then subjected to simple 
distillation was introduced into the flask, a small piece of iodine was added thereto and the mixture was stirred 
to activate magnesium. To the activated magnesium, there was drop wise added a solution of 4.91 g (45.1 mmol) 
of ethyl bromide in THF (20 ml) at room temperature over about 20 minutes and the mixture was reacted while 
ref luxing with heating over 2 hours to give ethylmagnesium bromide. To the reaction system, there was drop- 

25 wise added a solution of 2.77 g (22.0 mmol) of p-diethynyl benzene in THF (30 ml) at room temperature over 
20 minutes with stirring and the reaction was continued for additional one hour white ref luxing with heating to 
give an intended organic magnesium reagent (22.0 mmol). 

Then a polymer was prepared in the following manner. The reaction was performed subsequent to the fore- 
going preparation of the organic magnesium reagent. The contents of the flask containing the organic mag- 

30 nesium reagent were bubbled with dichlorosilane (2.22 g; 22.0 mmol) at room temperature over 20 minutes 
with stirring. White precipitates of the organic magnesium reagent disappeared immediately before the com- 
pletion of the bubbling and the solution became almost clear. The reaction system was further reacted for one 
hour while refluxing with heating. Then the reaction system was post-treated. More specifically, 5.45 g (50 
mmol) of trimethylsilyt chloride (Me 3 SiCI) was added to the reaction solution and the mixture was refluxed with 

35 heating for additional one hour. The contents of the flask was cooled to room temperature. Another 500 ml 
volume flask was filled with 300 ml of a 0.5 N aqueous solution of hydrochloric acid and ice-cooled. A dropping 
funnel was fitted to the 500 ml flask, the reaction solution in the 300 ml flask was transferred to the dropping 
funnel and the hydrochloric acid aqueous solution was gently stirred while slowly dropwise adding the reaction 
solution through the dropping funnel (over 30 minutes). The resulting oil phase was separated using a sepa- 

40 ratory funnel and dried by adding sodium sulfate and allowing to stand overnight. The solution was filtered 
through a glass filter to remove the dehydrating agent. The solvent was distilled off from the solution using 
an evaporator to give a viscous oily crude product. Dry n-hexane (50 ml) was added to the crude product and 
stirred. The intended polymer was insoluble in n-hexane and therefore, precipitated. The resulting precipitates 
were filtered off and dried to give 1 .52 g (yield: 45%) of an intended polymer. The resulting polymer was a pale 

45 yellow solid and had weight-average and number-average molecular weights of 5,900 and 2,400 as determined 
by GPC. 

Various properties of the resulting polymer were determined. The results are listed below. 
(1) Elemental Analysis (C 10 H 6 Si): 



50 



Found: 


C 77.81% 


H 3.95%; 


Si 18.12% 


Calculated: 


C 77.87%; 


H 3.92%; 


Si 18.21% 



(2) IR (Sample was a cast film formed on an Si wafer), cm ~ 1 : 3294(w), 2957(w), 2926(w), 2189(m), 2166(s, 
Si-H), 1496(m), 1237(m), 1222(m), 934(m), 847(s, Si-H), 824(m). 620(m) (Fig. 1) 

(3) 1 H-NMR (500 MHz, CDCI 3 ) 8 (ppm): 7.49 (s, 4H, hydrogen atoms of phenyiene group), 4.57 (s, 2H, Si- 
H) 

(4) 13 C-NMR (500 MHz, CDCI3), 5 (ppm): 132.1 and 122.9 (carbon atoms on benzene ring); 107.5 and 85.2 
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(carbon atoms of ethynylene group) 

(5) »S»-NMR (500 MHz, CDCI 3 ),6 (ppm): -84.0 (t, J SI . H = 230Hz). The »Si-NMR signal is splitted into triplet 
according to the proton-non-decoupling measurement of ^Si-NMR and therefore, this signal can be as- 
cribed to silylene group (-Si(H>2-). 

5 

Example 2: Preparation of Poly(methylsilyleneethynytene-1,4-phenyleneethynylene) 

First of all, an organic magnesium reagent was prepared as follows. Flaky magnesium metal (1.21 g; 49.8 
mmol) was introduced into a 200 ml volume 4-necked flask and the atmosphere in the flask was replaced with 

10 dry nitrogen gas. THF (20 ml) which had been dried with lithium aluminum hydride and then subjected to simple 
distillation was introduced into the flask, a small piece of iodine was added thereto and the mixture was stirred 
to activate magnesium. To the activated magnesium, there was dropwise added a solution of 5.25 g (48.2 mmol) 
of ethyl bromide in THF (20 ml) at room temperature over about 20 minutes and the mixture was reacted while 
refluxing with heating over 2 hours to give ethylmagnesium bromide. To the reaction system, there was drop- 

15 wise added a solution of 3.03 g (24.0 mmol) of p-diethynyl benzene in THF (20 ml) at room temperature over 
20 minutes with stirring and the reaction was continued for additional 1.5 hour while refluxing with heating to 
give an intended organic magnesium reagent (24.0 mmol). 

Then a polymer was prepared in the following manner. The reaction was performed subsequent to the fore- 
going preparation of the organic magnesium reagent. A solution of 2.76 g (23.8 mmol) of dichloromethylsilane 

20 in 20 ml of THF was dropwise added to the flask containing the organic magnesium reagent at room temper- 
ature over 30 minutes with stirring and the reaction was continued for additional 2 hours while refluxing with 
heating. Then the reaction system was post-treated. More specifically, the contents of the flask were ice-coo- 
led and 1 ml of methanol was slowly and dropwise added to the reaction solution in such a manner that the 
solution was maintained at a temperature of not more than 10°C with stirring. After the dropwise addition, the 

25 reaction solution was stirred for additional 30 minutes while returning the temperature of the solution back to 
room temperature. The flask was again ice-cooled and the solution was hydrolyzed by adding about 50 ml of 
a saturated ammonium chloride aqueous solution. The resulting oil phase was separated using a separatory 
funnel and dried by adding sodium sulfate and allowing to stand overnight. The solution was filtered through 
a glass filter to remove the dehydrating agent The solvent was distilled off from the solution using an evap- 

30 orator to give a viscous oily crude product The crude product was dissolved in 25 ml of THF and dispersed in 
methanol to precipitate the product. The resulting precipitates were filtered off and dried to give 2.76 g (yield: 
68%) of an intended polymer. The resulting polymer was a pale yellow solid and had weight-average and num- 
ber-average molecular weights of 28,000 and 6,300 as determined by GPC. 

Various properties of the resulting polymer were measured. The results are listed below. 

35 (1) Elemental Analysis (CnH 8 Si): 



Found: 


C 78.12%; 


H 4.74%; 


Si 


16.59% 


Calculated: 


C 78.52%; 


H 4.79%; 


Si 


16.69% 



40 

(2) IR (Sample was a cast film formed on an Si wafer), cm ~ 1 : 3297(w), 2970(w), 2164(s, Si-H), 1497(m), 
1254(m), 1223(m), 1103(m), 880(m), 839 (s, Si-H), 806(m), 741(m) (Fig. 2) 

(3) 1 H-NMR (500 MHz, CDCI 3 ),6 (ppm): 7.47 (s, 4H, hydrogen atoms of phenylene group), 4.62 (q. 1H, Si- 
H), 0.54 (d, 3H, CH 3 ) 

^ (4) 13 C-NMR (500 MHz, CDCI 3 ),5 (ppm): 132.0 and 123.0 (carbon atoms on benzene ring); 106.4 and 89.5 

(carbon atoms of ethynylene group), -2.7 (carbon atom of methyl group) 

(5) 29Si-NMR (500 MHz, CDCI 3 ),8 (ppm): -60.6, determined according to the proton-decoupling method 
(non-NOE Mode). The ^Si-NMR spectrum of di(phenylethynyl)-methylsilane ((PhCs C) 2 MeSiH) as the 
model compound is -60.6 ppm and thus the spectrum can be ascribed to the silicon atom in the main chain 
so of the resulting polymer (Fig. 3). 

Example 3 : Preparation of Poly(phenylsilyleneethynylene-1,4-phenyleneethynylene) 

First of all, an organic magnesium reagent was prepared as follows. Flaky magnesium metal (1.22 g; 50.2 
55 mmol) was introduced into a 200 ml volume 4-necked flask and the atmosphere in the flask was replaced with 
dry nitrogen gas. THF (20 ml) which had been dried with lithium aluminum hydride and then subjected to simple 
distillation was introduced into the flask, a small piece of iodine was added thereto and the mixture was stirred 
to activate magnesium. To the activated magnesium, there was dropwise added a solution of 4.95 g (45.4 mmol) 
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of ethyl bromide in THF (20 ml) at room temperature over about 20 minutes and the mixture was reacted while 
ref luxing with heating over 2 hours to give ethytmagnesium bromide. To the reaction system, there was drop- 
wise added a solution of 2.69 g (21.3 mmol) of p-diethynyl benzene in THF (20 ml) at room temperature over 
20 minutes with stirring and the reaction was continued for additional one hour while ref luxing with heating to 

5 give an intended organic magnesium reagent (21.3 mmol). 

Then a polymer was prepared in the following manner. The reaction was performed subsequent to the fore- 
going preparation of the organic magnesium reagent. A solution of dichlorophenylsilane (3.81 g; 21.5 mmol) 
in THF (20 ml) was dropwise added to the flask containing the organic magnesium reagent at room temperature 
over 25 minutes with stirring and the reaction was continued for additional 2 hours while ref luxing with heating. 

10 Then the reaction system was post-treated. More specifically, the contents of the flask were ice-cooled and 
1 ml of methanol was slowly and dropwise added to the reaction solution in such a manner that the solution 
was maintained at a temperature of not more than 10 °C with stirring. After the dropwise addition, the reaction 
solution was stirred for additional 40 minutes while returning the temperature of the solution back to room tem- 
perature. The flask was again ice-cooled and the solution was hydrolyzed by adding about 50 ml of a saturated 

15 ammonium chloride aqueous solution. The resulting oil phase was separated using a separatory funnel and 
dried by adding sodium sulfate and allowing to stand overnight. The solution was filtered through a glass filter 
to remove the dehydrating agent. The solvent was distilled off from the solution using an evaporator to give a 
viscous oily crude product. The crude product was dissolved in 40 ml of THF, then dispersed in methanol to 
precipitate the product. The resulting precipitates were filtered off and dried to give 3.59 g (yield: 73%) of an 

20 intended polymer. The resulting polymer was a pale yellow solid and had weight-average and number-average 
molecular weights of 33,000 and 4,900 as determined by GPC. 

Various properties of the resulting polymer were determined. The results are listed below. 
(1) Elemental Analysis (C 16 H 10 Si): 
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Found: 


C 83.02%; 


H 4.40%; 


Si 


12.08% 


Calculated: 


C 83.43% 


H 4.38%; 


Si 


12.19% 



(2) IR (Sample was a cast film formed on an Si wafer), cm 3071-2962(w), 2163(s, Si-H), 1497(m), 
1430(m), 1237(m), 1117(m), 822(s, Si-H), 756(m), 697(m) (Fig. 4) 

(3) 'H-NMR (500 MHz, CDCI 3 ),5 (ppm): 7.80-7.45 (m, 9H, hydrogen atoms of benzene ring), 5.12 (s, 1H, 
Si-H) 

(4) 13 C-NMR (500 MHz, CDCI 3 ), 8 (ppm): 134.8, 130.7, 129.9 and 128.3 (carbon atoms of phenyl group); 
132.1 and 123.0 (carbon atoms of phenylene group); 107.7 and 88.0 (carbon atoms of ethynylene group) 

(5) ^Si-NMR (500 MHz, CDCI 3 ),6 (ppm): -63.5, determined according to the proton-decoupling method 
(non-NOE Mode). The »Si-NMR spectrum of di(phenylethynyl)-phenylsilane ((PhC= C) 2 PhSiH) as the 
model compound is -63.6 ppm and thus the spectrum can be ascribed to the silicon atoms in the main 
chain of the resulting polymer (Fig. 5). 

Example 4: Preparation of Poly(silyleneethynylene-1 ,3-phenyleneethynylene^ 

First of all, an organic magnesium reagent was prepared as follows. Flaky magnesium metal (1.22 g; 50.2 
mmol) was introduced into a 300 ml volume 4-necked flask and the atmosphere in the flask was replaced with 
dry nitrogen gas. THF (20 ml) which had been dried with lithium aluminum hydride and then subjected to simple 
distillation was introduced into the flask, a small piece of iodine was added thereto and the mixture was stirred 
to activate magnesium. To the activated magnesium, there was dropwise added a solution of 4.91 g (45.1 mmol) 
of ethyl bromide in THF (20 ml) at room temperature over about 20 minutes and the mixture was reacted while 
refluxing with heating over 2 hours to give ethylmagnesium bromide. To the reaction system, there was drop- 
wise added a solution of 2.78 g (22.0 mmol) of nrvdiethynyl benzene in THF (30 ml) at room temperature over 
20 minutes with stirring and the reaction was continued for one hour while refluxing with heating to give an 
intended organic magnesium reagent (22.0 mmol). 

Then a polymer was prepared in the following manner. The reaction was performed subsequent to the fore- 
going preparation of the organic magnesium reagent. The contents of the flask containing the organic mag- 
nesium reagent were bubbled with dichlorosilane (2.18 g; 21.6 mmol) at room temperature over 20 minutes 
with stirring. White precipitates of the organic magnesium reagent disappeared immediately before the com- 
pletion of the bubbling and the solution became almost clear. The reaction system was further reacted for one 
hour while refluxing with heating. Then the reaction system was post-treated. More specifically, 0.67 g (6.2 
mmol) of tri met hylsi lyl chloride (Me 3 SiCJ) was added to the reaction solution and the mixture was ref luxed with 
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heating for additional one hour. The contents of the flask was cooled to room temperature. Another 500 ml 
volume flask was filled with 200 ml of a 0.1 N aqueous solution of hydrochloric acid and ice-cooled. A dropping 
funnel was fitted to the 500 ml flask, the reaction solution in the 300 ml flask was transferred to the dropping 
funnel and the hydrochloric acid aqueous solution was gently stirred while slowly dropwise adding the reaction 

5 solution through the dropping funnel (over 30 minutes). The resulting oil phase was separated using a sepa- 
rator y funnel and dried by adding sodium sulfate and allowing to stand overnight. The solution was filtered 
through a glass filter to remove the dehydrating agent The solvent was distilled off from the solution using 
an evaporator to give a viscous oily crude product. The crude product was dissolved in 40 ml of THF, dispersed 
in methanol to precipitate the product. The resulting precipitates were filtered off and dried to give 1 .15 g (yield: 

10 34%) of an intended polymer. The resulting polymer was a pale yellow solid and had weight-average and num- 
ber-average molecular weights of 9,800 and 3,100 as determined by GPC. 

Various properties of the resulting polymer were determined. The results are listed below. 
(1) Elemental Analysis (C 10 H 6 Si): 



15 



Found: 


C 77.91% 


H 3.96%; 


Si 


18.10% 


Calculated: 


C 77.87%; 


H 3.92%; 


Si 


18.21% 



(2) IR (Sample was a cast film formed on an Si wafer), cm -': 3299(w), 3065(w), 2963(w), 2160(s, Si-H), 
1593(m), 1476(m), 1262(m). 1169(m), 952(m), 933(m), 919(m), 850(s, Si-H), 811(m), 683(m), 619(m) (Fig. 
6) 

(3) 1 H-NMR(500 MHz, CDCI 3 ),5 (ppm): 7.68 (s, 1H), 7.48 (d, 2H) and 7.28 (d, 1H) (hydrogen atoms of ben- 
zene ring); 4.55 (s, 2H) (hydrogen atoms of Si-H) 

(4) 13 C-NMR (500 MHz, CDCI 3 ), 8 (ppm): 135.8, 132.9, 128.5 and 122.4 (carbon atoms on benzene ring); 
107.0 and 83.8 (carbon atoms of ethynylene group) 

(5) »Si-NMR (500 MHz, CDCI 3 ),5 (ppm): -83.9 (t, J 8l . H = 234Hz). The »Si-NMR signal is splitted into triplet 
according to the proton-non-decoupling measurement of ^Si-NMR and therefore, this signal can be as- 
cribed to silylene group (-Si(H)2-). 

Example 5: Preparation of Poly(methylsilyleneethynylene-1,3-phenyleneethynylene) 

First of ail, an organic magnesium reagent was prepared as follows. Flaky magnesium metal (1.22 g; 50.2 
mmol) was introduced into a 200 ml volume 4-necked flask and the atmosphere in the flask was replaced with 
dry nitrogen gas. THF (20 ml) which had been dried with lithium aluminum hydride and then subjected to simple 
distillation was introduced into the flask, a small piece of iodine was added thereto and the mixture was stirred 
to activate magnesium. To the activated magnesium, there was dropwise added a solution of 5.26 g (48.3 mmol) 
of ethyl bromide in THF (20 ml) at room temperature over about 25 minutes and the mixture was reacted while 
refluxing with heating over one hour to give ethylmagnesium bromide. To the reaction system, there was drop- 
wise added a solution of 3.03 g (24.0 mmol) of m-diethynyl benzene in THF (20 ml) at room temperature over 
20 minutes with stirring and the reaction was continued for additional one hour while refluxing with heating to 
give an intended organic magnesium reagent (24.0 mmol). 

Then a polymer was prepared in the following manner. The reaction was performed subsequent to the fore- 
going preparation of the organic magnesium reagent. A solution of 2.76 g (23.8 mmol) of dichloromethylsilane 
in 20 ml of THF was dropwise added to the flask containing the organic magnesium reagent at room temper- 
ature over 20 minutes with stirring and the reaction was continued for additional one hour while refluxing with 
heating. Then the reaction system was post-treated. More specifically, the contents of the flask were first ice- 
cooled and 1 ml of methanol was slowly and dropwise added to the reaction solution in such a manner that 
the solution was maintained at a temperature of not more than 10 °C with stirring. After the dropwise addition, 
the reaction solution was stirred for additional 50 minutes while returning the temperature of the solution back 
to room temperature. The flask was again ice-cooled and the solution was hydrolyzed by adding about 50 ml 
of a saturated ammonium chloride aqueous solution. The resulting oil phase was separated using a separatory 
funnel and dried by adding sodium sulfate and allowing to stand overnight. The solution was filtered through 
a glass filter to remove the dehydrating agent The solvent was distilled off from the solution using an evap- 
orator to give a viscous oily crude product (yield of the crude product 68%). The crude product was dissolved 
in 40 ml of THF and dispersed in methanol to precipitate the product. The resulting precipitates were filtered 
off and dried to give 1 .82 g (yield: 45%) of an intended polymer. The resulting polymer was a pale yellow solid 
and had weight-average and number-average molecular weights of 17,400 and 7,300 as determined by GPC. 

Various properties of the resulting polymer were subjected to analysis. The results are listed below. 
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(1) Elemental Analysis (C n H fi Si): 



5 



Found: 


C 78.12% 


H4.81%; 


Si 16.53% 


Calculated: 


C 78.52% 


H 4.79%; 


Si 16.69% 



(2) IR (Sample was a cast film formed on an Si wafer), cm 1 : 3293(w), 3064(w), 2969(w), 2159(s, Si-H), 
1592(m), 1476(m), 1254(m), 1167(m) f 950(m), 881(m), 839 (s, Si-H), 793(m), 741(m), 684(m) (Fig. 7) 

(3) 1 H-NMR (500 MHz, CDCI 3 ),8 (ppm): 7.68 (s. 1H), 7.48 (d, 2H), 7.28 (d, 1H) (hydrogen atoms of benzene 
ring); 4.59 (d, 1H) (hydrogen atom of Si-H); 0.53 (d, 3H) (hydrogen atoms of methyl group) 

(4) 13 C-NMR (500 MHz, CDCI 3 ), 8 (ppm): 135.7, 132.6, 128.4 and 122.7 (carbon atoms on benzene ring); 
105.9 and 88.1 (carbon atoms of ethynylene group); -2.7 (carbon atom of methyl group) 

(5) ^Si-NMR (500 MHz, CDCI 3 ).S (ppm): -60.6, determined according to the proton-decoupling method 
(non-NOE Mode). The ^Si-NMR spectrum of di(phenylethynyl)-methylsilane as the model compound is - 
60.6 ppm and thus the spectrum can be ascribed to the silicon atoms in the main chain of the resulting 
polymer (Fig. 8). 

Example 6: Preparation of Poly(phenytsilyleneethynylene-1 t 2-phenyleneethynylene) 

First of all, an organic magnesium reagent was prepared as follows. Flaky magnesium metal (0.535 g; 22.0 
mmol) was introduced into a 200 ml volume 4- necked flask and the atmosphere in the flask was replaced with 
dry nitrogen gas. THF (1 0 ml) which had been dried with lithium aluminum hydride and then subjected to simple 
distillation was introduced into the flask, a small piece of iodine was added thereto and the mixture was stirred 
to activate magnesium. To the activated magnesium, there was drop wise added a solution of 2. 1 9 g (20.1 mmol) 
of ethyl bromide in THF (1 5 ml) at room temperature over about 1 5 minutes and the mixture was reacted while 
ref luxing with heating over 2 hours to give ethylmagnesium bromide. To the reaction system, there was drop- 
wise added a solution of 1.27 g (10.1 mmol) of o-diethynylbenzene in THF (10 ml) at room temperature over 
20 minutes with stirring and the reaction was continued for additional one hour while ref luxing with heating to 
give an intended organic magnesium reagent (10.1 mmol). 

Then a polymer was prepared in the following manner. The reaction was performed subsequent to the fore- 
going preparation of the organic magnesium reagent. A solution of dichlorophenylsilane (1.77 g; 10.0 mmol) 
in THF (1 0 ml) was dropwise added to the flask containing the organic magnesium reagent at room temperature 
over 10 minutes with stirring and the reaction was continued for additional one hour while ref luxing with heating. 
Then the reaction system was post-treated. More specifically, 2.17 g (20.0 mmol) of trimethylsilyl chloride (Me. 
3 SiCI) was added to the reaction solution and the mixture was stirred for additional one hour while refluxing 
with stirring. The temperature of the flask was returned back to room temperature. Another 500 ml volume 
flask was filled with 150 ml of 0.5 N hydrochloric acid aqueous solution and ice-cooled. Adropping funnel was 
fitted to the 500 ml flask, the reaction solution contained in the 200 ml flask was transferred to the dropping 
funnel and then the reaction solution in the dropping funnel was slowly and dropwise added to the hydrochloric 
acid aqueous solution with stirring over 30 minutes. Thus, solid matter was formed, but it was dissolved when 
50 ml of benzene was added to the solution. The resulting oil phase was separated using a separatory funnel 
and dried by adding sodium sulfate and allowing to stand overnight. The solution was filtered through a glass 
filter to remove the dehydrating agent The solvent was distilled off from the solution using an evaporator to 
give a viscous oily crude product (yield of the crude product 98%). The crude product was dissolved in 20 ml 
of THF, then dispersed in methanol to precipitate the product. The resulting precipitates were filtered off and 
dried to give 1.01 g (yield: 44%) of an intended polymer. The resulting polymer was a pale yellow solid and 
had weight-average and number-average molecular weights of 3,200 and 1,700 as determined by GPC. 

Various properties of the resulting polymer were determined. The results are listed below. 

(1) Elemental Analysis (C 16 H 10 Si): 



50 



Found: 


C 83.12%; 


H 4.48%; 


Si 12.02% 


Calculated: 


C 83.43%; 


H 4.38%; 


Si 12.19% 



(2) IR (Sample was a cast film formed on an Si wafer), cm 3289(w), 3071-2962(w), 2170(s, Si-H), 
1475(m), 1430(m), 1115(m), 871(M), 820(s, Si-H), 759(m), 736(m), 699(m) (Fig. 9) 

(3) *H-NMR (500 MHz, CDCI 3 ),5 (ppm): 7.87-7.20 (m, 9H, hydrogen atoms of benzene ring), 5.15 (s, 1H, 
Si-H) 
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(4) 13 C-NMR (500 MHz, CDCI3), 8 (ppm): 134.9, 130.4, 129.7 and 128.3 (carbon atoms of phenyl group); 
132.7, 128.8 and 125.3 (carbon atoms of phenyiene group); 106.3 and 90.4 (carbon atoms of ethynylene 
group) 

(5) ^Si-NMR (500 MHz, CDCI 3 ),5 (ppm): -62.9, determined according to the proton-decoupling method 
5 (non-NOE Mode). The ^Si-NMR spectrum of di(phenylethynyl)-phenylsilane as the model compound is - 

63.6 ppm and thus the spectrum can be ascribed to the silicon atoms in the main chain of the resulting 
polymer (Fig. 10). 

In Examples 1 to 6, a dibromide (BrMgCs CC 6 H 4 Cs CMgBr) as the organic magnesium reagent, but the 
intended polymers can be prepared when a dichloride (CIMgC CC 6 H 4 C= CMgCI) or a diiodide (IMgC= CC 6 H 4 C= 
10 CMgl) is substituted for the dibromide. An example thereof will be described below. 

Example 7: Preparation of Poly(silyleneethynylene-1,3-phenyteneethynylene^ 

The same procedures used in Example 4 were repeated except that a dichloride (CIMgC s CC 6 H 4 Cs 
15 CMgCI) as the organic magnesium reagent was substituted for the dibromide (BrMgC= CC 6 H 4 C= CMgBr) used 
in Example 4 to give poly(silyleneethynylene phenyleneethynylene). The organic magnesium reagent was pre- 
pared in the same manner used for preparation of the dibromide except that 2-chloropropane was substituted 
for ethyl bromide. The resulting polymer was a pale yellow solid and had weight-average and number-average 
molecular weights of 8,500 and 2,500 as determined by GPC and the yield thereof was found to be 28%. 
20 Various properties of the resulting polymer were determined. The results are listed below. 

(1) Elemental Analysis (C 10 H 6 Si): 



Found: 


C 77.75%; 


H 3.98%; 


Si 18.06% 


Calculated: 


C 77.87%; 


H 3.92%; 


Si 18.21% 



The results of IR, 1 H-NMR, 13 C-NMR and ^Si-NMR measurements were identical to those observed in 
Example 4. 

It was sometimes observed that the molecular weights and the yields of the resulting polymers vary de- 
pending on the kinds of the post- treatments. The post-treatments used were a method (Method 1) comprising 
dropwise adding the reaction solution to a saturated ammonium chloride aqueous solution; a method (Method 
2) comprising dropwise adding the reaction solution to an aqueous solution of hydrochloric acid; a method 
(Method 3) comprising adding methanol to the reaction solution and then adding a saturated ammonium chlor- 
ide aqueous solution to the resulting mixture; a method (Method 4) comprising adding methyl lithium to the 
reaction solution and then adding the reaction solution to an aqueous solution of hydrochloric acid; a method 
(Method 5) comprising adding monochlorosilane to the reaction solution and then dropwise adding a saturated 
ammonium chloride aqueous solution to the mixture; and a method (Method 6) comprising adding monochlor- 
osilane to the reaction solution and then adding the reaction solution to an aqueous solution of hydrochloric 
acid. As a result, it was found that Methods 5 and 6 could provide polymers in optimum yields. An example 
thereof will be described below. The post-treatment adopted in Example 3 was Method 3 (comprising adding 
methanol to the reaction solution and then adding a saturated ammonium chloride aqueous solution to the re- 
sulting mixture), but that adopted in the following Example 8 was Method 5 (comprising adding monochloro- 
silane to the reaction solution and then dropwise adding a saturated ammonium chloride aqueous solution to 
the mixture). 

Example 8: Preparation of Poly(phenylsilyleneethynylene-1,4-phenyeneethynylene) 

The same procedures used in Example 3 were repeated to give an organic magnesium reagent. A solution 
of 3.81 g (21 .5 mmol) of dichlorophenylsilane in 20 ml of THF was dropwise added to the flask containing the 
organic magnesium reagent (21.5 mmol) at room temperature over 25 minutes with stirring and the reaction 
was continued for additional 2 hours while refluxing with heating. Then the reaction system was post-treated. 
More specifically, 2.17 g (20.0 mmol) of tri methyls i I yl chloride (Me 3 SiCI) was added to the reaction solution 
and the resulting mixture was stirred for additional one hour under refluxing. The flask was ice-cooled and the 
solution was hydrolyzed by adding about 50 ml of a saturated ammonium chloride aqueous solution. The re- 
sulting oil phase was separated using a separatory funnel and dried by adding sodium sulfate and allowing to 
stand overnight. The solution was filtered through a glass filter to remove the dehydrating agent. The solvent 
was distilled off from the solution using an evaporator to give a viscous oily crude product. The crude product 
was dissolved in 40 ml of THF and dispersed in methanol to precipitate the product. The resulting precipitates 
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were filtered off and dried to give 4.21 g (yield: 85%) of an intended polymer. The resulting polymer was a pale 
yellow solid and had weight-average and number-average molecular weights of 20,000 and 4,500 as deter- 
mined by GPC. 

Various properties of the resulting polymer were subjected to analysis. The results are listed below. 
(1) Elemental Analysis (C 16 H 10 Si): 



Found: 


C 


83.25%; 


H 4.48%; 


Si 12.12% 


Calculated: 


C 


83.43%; 


H 4.38%; 


Si 12.19% 



The results of IR, 1 H-NMR, 13 C-NMR and ^Si-NMR measurements were identical to those observed in 
Example 3. 

The yield of the product in Example 8 is improved as compared with that achieved in Example 3. In addition, 
the post-treatment adopted in Example 5 was Method 3 (comprising adding methanol to the reaction solution 
and then adding a saturated ammonium chloride aqueous solution to the resulting mixture), but the treatment 
adopted in the following Example 9 was Method 6 (comprising adding monochlorosilane to the reaction solution 
and then adding the reaction solution to an aqueous solution of hydrochloric acid). 

Example 9: Preparation of poly(methylsilyleneethynylene-1,3-phenyeneethynylene) 

The same procedures used in Example 5 were repeated to give an organic magnesium reagent. A solution 
of 2.48 g (21.4 mmol) of dichloromethylsilane in 20 ml of THF was dropwise added to the flask containing the 
organic magnesium reagent (21 .5 mmol) at room temperature over 20 minutes with stirring and the reaction 
was continued for additional one hour while ref luxing with heating. Then the reaction system was post-treated. 
More specifically, 2.18 g (20.1 mmol) of trimethylsilyl chloride (Me 3 Sid) was added to the reaction solution 
and the resulting mixture was stirred for additional one hour under refluxing. The temperature of the flask was 
returned back to room temperature. Another 500 ml volume flask was filled with 300 ml of a 0.5 N hydrochloric 
acid aqueous solution and ice-cooled. A dropping funnel was fitted to the 500 ml flask, the reaction solution 
was transferred to the dropping funnel and then the reaction solution in the dropping funnel was slowly and 
dropwise added to the hydrochloric acid aqueous solution with stirring over 30 minutes. Thus, solid matter was 
formed, but it was dissolved when 50 ml of benzene was added to the solution. The resulting oil phase was 
separated using a separator y funnel and dried by adding sodium sulfate and allowing to stand overnight. The 
solution was filtered through a glass filter to remove the dehydrating agent. The solvent was distilled off from 
the solution using an evaporator to give a viscous oily crude product (yield of the crude product 98%). The 
crude product was dissolved in 40 ml of THF, then dispersed in methanol to precipitate the product The re- 
sulting precipitates were filtered off and dried to give 2.32 g (yield: 64%) of an intended polymer. The resulting 
polymer was a pale yellow solid and had weight-average and number-average molecular weights of 11,000 
and 5,200 as determined by GPC. 

Various properties of the resulting polymer were determined. The results are listed below. 
(1) Elemental Analysis (CnHsSi): 



Found: 


C 78.17%; 


H 4.85%; 


Si 16.58% 


Calculated: 


C 78.52%; 


H 4.79%; 


Si 16.69% 



The results of IR, 1 H-NMR, 13 C-NMR and »Si-NMR measurements were identical to those observed in 
Example 5. 

The yield of the product in Example 9 is improved as compared with that achieved in Example 5. Moreover, 
when comparing the yields of the crude products of these Examples, that achieved in Example 5 was 68%, 
while that in Example 9 was 98%. In Example 5, about 30% of the raw material became insoluble in the solvent 
and accordingly was not recovered in the form of the crude product On the other hand, almost all of the raw 
material was recovered in the form of the crude product in Example 9. The difference between the yield of the 
crude product and that of the purified product was mainly caused for reasons that low molecular weight fraction 
soluble in methanol was removed in the purification step. 

One of the reasons why the yields vary depending on the kinds of the post-treatments is that Methods 5 
and 6 would be most effective for inhibiting crosslinking of a part of hydrolyzates formed during the hydrolysis 
treatment In fact, when preparing a polymer whose substituent R' of the silyl group was a hydrogen atom, the 
post-treatments 1 to 4 could not provide any polymer soluble in solvents at all and the products each mainly 
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comprised a polymer insoluble in the solvents. For instance, the post-treatment 6 was employed in Examples 
1 and 4. but when the polymers were prepared using the post-treatments 1 to 4, the yield of a polymer soluble 
in a solvent was extremely low on the order of not more than 10%. These results seem to indicate that the 
higher the reactivity of Si-H groups in a polymer, the greater the influence of the post-treatment adopted during 
5 the preparation on the yield of the polymer. 

Example 10: Preparation of Poly(phenylsily1eneethyny1ene~1 ) 3-phenyieneethyny1ene) 

First of all, an organic magnesium reagent was prepared as follows. Flaky magnesium metal (1.21 g; 49.8 

10 mmol) was introduced into a 300 ml volume 4-necked flask and the atmosphere in the flask was replaced with 
dry nitrogen gas. THF (20 ml) which had been dried with lithium aluminum hydride and then subjected to simple 
distillation was introduced into the flask, a small piece of iodine was added thereto and the mixture was stirred 
to activate magnesium. To the activated magnesium, there was dropwise added a solution of 4.91 g (45.1 mmol) 
of ethyl bromide in THF (20 ml) at room temperature over about 20 minutes and the mixture was reacted while 

is refluxing with heating over 2 hours to give ethytmagnesium bromide. To the reaction system, there was drop- 
wise added a solution of 2.72 g (21.6 mmol) of rrvdiethynyt benzene in THF (30 ml) at room temperature over 
20 minutes with stirring and the reaction was continued for additional one hour while refluxing with heating to 
give an intended organic magnesium reagent (21.6 mmol). 

Then a polymer was prepared in the following manner. The reaction was performed subsequent to the fore- 

20 going preparation of the organic magnesium reagent A solution of 3.82 g (21 .6 mmol) of dichlorophenytsi lane 
in THF (20 ml) was dropwise added to the flask containing the organic magnesium reagent at room temperature 
over 20 minutes with stirring. White precipitates of the organic magnesium reagent disappeared immediately 
before the completion of the dropwise addition and the solution became almost clear. The reaction system was 
further reacted for one hour while refluxing with heating. Then the reaction system was post-treated. More 

25 specifically, 2.17 g (20.0 mmol) of trimethylsilyi chloride (Me 3 SiCI) was added to the reaction solution. Another 
500 ml volume flask was filled with 300 ml of a 0.1 N aqueous solution of hydrochloric acid and ice-cooled. A 
dropping funnel was fitted to the 500 ml flask, the reaction solution in the 300 ml flask was transferred to the 
dropping funnel and the hydrochloric acid aqueous solution was gently stirred while slowly dropwise adding 
the reaction solution through the dropping funnel (over 30 minutes). Then benzene (50 ml) was added to the 

30 reaction solution and the resulting oil phase was separated using a separatory funnel and dried by adding so- 
dium sulfate and allowing to stand overnight The solution was filtered through a glass filter to remove the de- 
hydrating agent The solvent was distilled off from the solution using an evaporator to give a viscous oily crude 
product (yield: 98%). The crude product was dissolved in 40 ml of THF, dispersed in n-hexane to cause pre- 
cipitation. The resulting precipitates were filtered off and dried to give 3.97 g (yield: 80%) of an intended poly- 

35 mer. The resulting polymer was a pale yellow solid and had weight-average and number-average molecular 
weights of 8,000 and 3,700 as determined by GPC. 

Various properties of the resulting polymer were determined. The results are listed below. 
(1) Elemental Analysis (C l6 H 10 Si): 



Found: 


C 83.18%; 


H 4.42%; 


Si 


12.08% 


Calculated: 


C 83.43%; 


H 4.38%; 


Si 


12.19% 



(2) IR (film), cm -i : 3070(w). 2162(s, Si-H), 1591(w), 1476(m), 1430(m), 1167(m), 1115(m), 950(m), 812(s, 
Si-H), 735(m), 697(m), 684(m) 

(3) 1 H-NMR (500 MHz, CDCI 3 ),5 (ppm): 7.9-7.3 (m, 9H, hydrogen atoms of benzene ring), 5.11 (s, 1H, Si- 
H) 

(4) 13 C-NMR (500 MHz, CDCI 3 ), 6 (ppm): 134.8, 130.7, 129.9 and 128.3 (carbon atoms of phenyl group); 
135.9, 132.9, 128.4 and 122.6 (carbon atoms of phenylene group); 107.2 and 86.6 (carbon atoms of ethy- 
nylene group) 

(5) ^Si-NMR (500 MHz, CDCI 3 ),§ (ppm): -63.5, determined according to the proton-decoupling method 
(non-NOE Mode) (Fig. 11). 

Example 11: Preparation of Hardened Product 

First of all, poly(phenytsilyleneethynylene-1,3-phenyleneethynylene) was prepared. To a 200 ml volume 
reaction vessel of glass, there were charged 16.5 g of MgO which had been prepared by firing Mg(OH) 2 at 500 
°C for 3 hours with evacuation, 6.42 g of phenylsilane, 7.50 g of m-diethynylbenzene and 120 ml of benzene 
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as a solvent Then these reactants were reacted, in an argon atmosphere, at room temperature for 8 hours, 
at 50°C for 8 hours and then 80°C for 2 hours (18 hours in total). After completion of the reaction, the reaction 
solution was filtered through a glass filter to separate and remove the MgO present therein. The resulting fil- 
trate was distilled under reduced pressure to remove the solvent to give 9.9 g (yield 71%) of a polymer. The 
5 polymer was a yellow solid and the structure thereof was confirmed by IR and NMR spectroscopic measure- 
ments. The polymer was found to have weight-average and number-average molecular weights of 4,800 and 
2,510 respectively (as determined by GPC: polystyrene standard). 

Preparation of Hardened Product 

10 

The resulting polymer was heat-treated at 300 °C for one hour in an argon gas atmosphere to give an in- 
tended solid hardened product of orange color. The results of IR measurement of the hardened product are 
shown in Fig. 12. Then thermal properties of the hardened product were determined by TGA-DTA. In the argon 
gas atmosphere, the polymer showed almost no loss in weight, the remaining weight of the polymer at a tenv 

15 perature of 1000 °C was 94% and the Td 5 value (i.e., the temperature at which the loss in weight is 5%) was 
found to be 860°C . In the air, on the other hand, the remaining weight of the polymer at a temperature of 1 000 
°C was 28% and the Td 6 value was 580°C . These results are summarized in the following Table 1 . These values 
are higher than those observed on polyimide (Kapton) which has a remaining weight at 1000°C of 55% and a 
Td 5 of 586°C as determined in an argon atmosphere and a remaining weight at 1000% of 4% and a Td 5 of 568°C 

20 as determined in an air atmosphere, and this clearly indicates that the hardened product of the present inven- 
tion is quite excellent in heat resistance and resistance to burning. 

Example 12 

25 The same procedures used in Example 11 were repeated except that the silicon-containing polymer was 

heat-treated at 400 °C to determine thermal properties of the resulting hardened product. The results thus ob- 
tained are listed in Table 1. 

Example 13 

30 

The polymer prepared in Example 8 was heat-treated at 300 °C for one hour in an argon gas atmosphere 
to give an intended solid hardened product of orange color. Then thermal properties of the hardened product 
were determined by TGA-DTA. As a result, it was found that, in the argon gas atmosphere, the polymer showed 
quite high heat-resistant characteristics, for instance, it showed almost no loss in weight, the remaining weight 
35 of the polymer at a temperature of 1 000°C was 90% and the Td 5 value was 577°C . It was also found that the 
polymer was likewise excellent in resistance to burning since, in the air, the remaining weight of the polymer 
at a temperature of 1000°C was 27% and the Td 6 value was 476°C . These results are summarized in the fol- 
lowing Table 1. 

40 Examples 14 to 16 

A variety of silicon-containing polymers were prepared according to the method used in Example 11 and 
they were heat-treated at a predetermined temperature for one hour to give each corresponding hardened prod- 
uct. Thermal properties of these hardened products were determined by TGA-DTA. The results thus obtained 
45 are listed in Table 1 . 

Comparative Examples 1 to 3 

There were prepared three kinds of silicon-containing compounds having structures (repeating units com- 
50 prise only Si-H bonds or C= C) similar to those of the polymers of the present invention, i.e., polymers each 
comprising repeating units represented by the following structural formula (52), (53) or (54): 



55 
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(5 2) 



(5 3) 



(54) 



and these polymers were hardened in the same manner used above to evaluate thermal properties thereof. 
The results thus obtained are summarized in the following Table 1. As will be apparent from the results listed 
35 in Table 1, the hardened product produced from the silicon-containing compound having both Si-H bonds and 
C a C bonds in the repeating unit according to the present invention clearly exhibits high heat resistance and 
resistance to burning. 
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Table 1 





Thermal Properties of Various Kinds of Si-Containing Hardened Products 


5 


Ex. No. 


Repeating Unit 
of Si-Containing 
Polymer 


Heat-Treatment 
Temp. 
(Hardening 
Reaction) 


In At Gas Atm. 


In the Air 


10 








Remaining Wt 
at 1000°C 


Td 5 °C 


Remaining Wt. 
at 1000°C 


Td*°C 
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Structural 
Formula (33) 


300°C 


94 


860 


28 


580 


15 


12 


Structural 
Formula (33) 


400°C 




QQA 

ooU 
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Wll UwlUI CM 

Formula (34) 


300°C 


90 


577 


27 


47o 


20 


14 


Structural 
Formula (27) 


300°C 


88 


561 


28 


567 


25 


15 


Structural 
Formula (2) 


300°C 


97 


>1000 


34 


572 


16 


Structural 
Formula (30) 


3Q0°C 


94 


805 


32 


573 


30 


1° 


Structural 
Formula (52) 


400°C 


81 


547 


14 


525 




2° 


Structural 
Formula (53) 


300°C 


75 


320 


45 


550 


35 


3° 


Structural 
Formula (54) 


300°C 


21 


355 







Claims 



40 



A poly(silyleneethynylene phenyleneethynylene) having a repeated unit represented by the following 
structural formula (1A): 



45 



50 




( 1 A) 



wherein the phenylene group may be in the o-, m- or p-form, the substituent R of the phenyiene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
55 atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 

disubstituted amino group having 2 to 20 carbon atoms or a silanyi group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
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silanyl groups; and n is an integer ranging from 0 to 4; the substituent R' of the silylene group represents 
a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms 
when the phenylene group is in the o- or p-form, or the substituent R' is a hydrogen atom, an alkyl group 
having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon atoms, an alkynyl group having 2 to 
20 carbon atoms or an aromatic group having 7 to 20 carbon atoms when the phenylene group is in the 
m-form and n is 0, or the substituent R' is a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, 
an alkenyl group having 2 to 20 carbon atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic 
group having 6 to 20 carbon atoms when the phenylene group is in the m-form and n is an integer ranging 
from 1 to 4, provided that the hydrogen atoms linked to the carbon atoms of the substituent R' may partially 
or completely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino 
groups or silanyl groups. 

A poly(silyleneethynylene-1,3-phenyleneethynylene) comprising a repeating unit represented by the fol- 
lowing structural formula (2): 



A method for preparing a poly(silyleneethynylene phenyleneethynylene) having a repeated unit represent- 
ed by the following structural formula (1B): 




( 1 B) 



(wherein the phenylene group may be in the o-, m- or p-form, the substituent R of the phenylene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 
disubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atom of the substituent R may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups; and n is an integer ranging from 0 to 4; the substituent R' of the silylene group represents 
a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R' may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups) comprising reacting an organic magnesium reagent represented by the following structural 
formula (3): 



XMg— — 



(3) 



(wherein the phenylene group may be in the o-, m- or p-form, the substituent R of the phenylene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
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carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 
disubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or com- 
pletely be replaced with halogen atoms, aJkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups; n is an integer ranging from 0 to 4; and X represents an atom selected from the group 
consisting of CI, Br and I) with dichlorosi lanes represented by the following structural formula (4): 

R' 

Cl-Si-CI (4) 



(wherein the substituent R' represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an 
alkenyl group having 2 to 20 carbon atoms, an alkynyl group having 2 to 2Q carbon atoms or an aromatic 
group having 6 to 20 carbon atoms, provided that the hydrogen atoms linked to the carbon atoms of the 
substituent R' may partially or completely be replaced with halogen atoms, aikoxy groups, phenoxy 
groups, disubstituted amino groups or silanyl groups) in the presence of a solvent free of any active hy- 
drogen atom. 

A method for preparing a poly(silyleneethynylene phenyleneethynytene) having a repeated unit represent- 
ed by the following structural formula (1B): 




( 1 B) 



(wherein the phenylene group may be in the o-, m- or p-form, the substituent R of the phenylene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an aikoxy group having 1 to 20 
carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 
disubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or com- 
pletely be replaced with halogen atoms, aikoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups; and n is an integer ranging from 0 to 4; the substituent R* of the silylene group represents 
a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R f may partially or com- 
pletely be replaced with halogen atoms, aikoxy groups, phenoxy groups, disubstituted amino groups or 
si lanyl groups) comprising reacting an organic magnesium reagent represented by the following structural 
formula (3): 



XMg 




(3) 



(wherein the phenylene group may be in the o- t m- or p-form, the substituent R of the phenylene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an aikoxy group having 1 to 20 
carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
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atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 
disubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or com- 
pletely be replaced with halogen atoms, aJkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups; n is an integer ranging from 0 to 4; and X represents an atom selected from the group 
consisting of CI. Br and I) with dichlorosi lanes represented by the following structural formula (4): 



FT 

ci-si-ci (4) 

H 

(wherein the substituent R' represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an 
alkenyl group having 2 to 20 carbon atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic 
group having 6 to 20 carbon atoms, provided that the hydrogen atoms linked to the carbon atoms of the 
substituent R* may partially or completely be replaced with halogen atoms, alkoxy groups, phenoxy 
groups, disubstituted amino groups or silanyl groups) in the presence of a solvent free of any active hy- 
drogen atom; then treating the reaction product with a monochlorosilane represented by the following 
structural formula (5): 



R 1 

R 2 -Si-CI , c , 

I ( 5 ) 

R 3 

(wherein R 1 to R 3 may be identical to or different from one another and each represents a hydrogen atom, 
an alkyl group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon atoms, an alkynyl 
group having 2 to 20 carbon atoms, a phenyl group having 6 to 20 carbon atoms or a silanyl group having 
1 to 10 silicon atoms) and hydrolyzing the resulting product. 

The method of claim 3 or 4 wherein the solvent free of active hydrogen atom is an ether solvent. 

A poly(silyieneethynylene phenyleneethynylene) having a repeated unit represented by the following 
structural formula (1B): 




( 1 B) 



(wherein the phenylene group may be in the o-, n> or p-form, the substituent R of the phenylene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 
disubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups; and n is an integer ranging from 0 to 4; the substituent R' of the silylene group represents 
a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms, 
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provided that the hydrogen atoms linked to the carbon atoms of the substituent R' may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups), which is free of structural defect on the main chain thereof due to branching and/or cross- 
linking and which is prepared by reacting an organic magnesium reagent represented by the following 
structural formula (3): 



•MgX 



(wherein the phenylene group may be in the o- t m- or p-form, the substituent R of the phenylene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 
disubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups; n is an integer ranging from 0 to 4; and X represents an atom selected from the group 
consisting of CI, Br and I) with dichlorosi lanes represented by the following structural formula (4): 

R' 

Cl-Si-CI (4) 
H 



(wherein the substituent R* represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an 
alkenyl group having 2 to 20 carbon atoms, an alkynyl group having 2 to 20 carbon atoms or an aromatic 
group having 6 to 20 carbon atoms, provided that the hydrogen atoms linked to the carbon atoms of the 
substituent R' may partially or completely be replaced with halogen atoms, alkoxy groups, phenoxy 
groups, disubstituted amino groups or silanyl groups) in the presence of a solvent free of any active hy- 
drogen atom. 

A hardened product obtained by heat-treating, at a temperature ranging from 50 to 700 °C , a 
poly(silyleneethynyl ene phenyleneethynylene) having a repeated unit represented by the following struc- 
tural formula (1B): 




( 1 B) 



(wherein the phenylene group may be in the o-, m- or p-form, the substituent R of the phenylene group 
represents a halogen atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
carbon atoms, a phenoxy group having 6 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkynyl group having 2 to 20 carbon atoms, an aromatic group having 6 to 20 carbon atoms, a 
disubstituted amino group having 2 to 20 carbon atoms or a silanyl group having 1 to 10 silicon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups; and n is an integer ranging from 0 to 4; the substituent R* of the silylene group represents 
a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
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atoms, an alkynyi group having 2 to 20 carbon atoms or an aromatic group having 6 to 20 carbon atoms, 
provided that the hydrogen atoms linked to the carbon atoms of the substituent R' may partially or com- 
pletely be replaced with halogen atoms, alkoxy groups, phenoxy groups, disubstituted amino groups or 
silanyl groups). 

The hardened product of claim 7 wherein the poly(silyleneethynylene phenyleneethynylene) is 
poly(silyteneethyny1ene-1,3-phenyleneethynylene) comprising a repeating unit represented by the follow- 
ing structural formula (2): 

The hardened product of claim 7 or 8 wherein the poly(silyleneethynylene phenyleneethynylene) has a 
weight-average molecular weight ranging from 500 to 1,000,000. 

The hardened product of claim 7, 8 or 9 wherein the heat-treatment is carried out at a temperature ranging 
from 100to400°C. 

The hardened product of claim 7, 8, 9 or 10 wherein the heat-treatment is carried out in an atmosphere 
comprising air, nitrogen gas or an inert gas. 

25 



30 



35 



40 



45 



50 



5 

8. 



10 



15 

9. 
10. 

20 

11. 



33 



EP 0 617 073 A2 




34 




35 



EP 0 617 073 A2 




36 



EP 0 617 073 A2 



O 




37 



EP 0 617 073 A2 




38 



EP 0 617 073 A2 




EP 0 617 073 A2 




40 



EP 0 617 073 A2 




41 



EP 0 617 073 A2 




EP 0 617 073 A2 




43 



EP 0 617 073 A2 




44 



BP 0 617 073 A2 




45 



